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Abstract: 
 Zinc oxide nanoparticles (ZnO-NPs) are being widely used in numerous industrial and 
commercial applications. This study was designed to investigate the possible mechanisms of 
bioaccumulation, oxidative stress, histopathological alterations and genotoxicity induced by ZnO-
NPs to tilapia (Oreochromis mossambicus).  The study showed maximum Zn accumulation of 
3.0643 mg/Kg (p<0.05) in liver at highest concentration of 1.5 mg/L in T3. ZnO-NPs induced 
oxidative stress as indicated by the significantly increased LPO level in gills as compared to liver 
(p<0.05). The increased lipid peroxidase (LPO) and superoxide dismutase (SOD) level were 
observed in gills than liver. Similar results were observed for catalase (CAT) and Glutathione 
(GSH) in gills. In case of histological alterations; gill oedema and hyperplasia, fusion of gill 
lamellae and thickening of primary and secondary gill lamellae was observed. In liver, necrosis 
and apoptosis with condensed nuclear bodies and pyknotic nuclei was observed.  The genotoxic 
potential was investigated by evaluating DNA strands break using alkaline comet assay and 
significant DNA damage was observed in the erythrocytes when exposed for ZnO-NPs. The % tail 
DNA was increased with the increasing concentration of ZnO-NPs and similar pattern was shown 
in olive tail movement (OTM). Overall, we conclude that the ZnO-NPs have the potential to 
accumulate in the soft tissues, causing respiratory distress such as oxidative stress, induction of 
anti-oxidant defence mechanism by raising glutathione (GSH), organ pathology and genotoxicity. 
These results suggest the potential ecotoxicological effects of nanoparticles in understanding their 
uptake and effects on aquatic biota. 
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1. Introduction: 
 Nanoparticles (NPs) made up of metal oxide are being widely used in a number of 
commercial products, rising the concerns of their potential toxicity to human and environmental 
health (Aschberger et al., 2011). This increased use of metal oxide nanoparticles results in their 
release into aquatic environment, causing adverse effects on aquatic environment and organisms 
which have drawn much special attention (Blaise et al., 2008; Ferré et al., 2009). Many studies 
were conducted on the freshwater bodies of Pakistan, which showed high metal load in water 
causing deleterious effect on aquatic biota (Sohail et al., 2016). Zinc oxide nanoparticles (ZnO-
NPs) having high stability, anticorrosion and photocatalytic properties are used in various products 
including sunscreens, cosmetics, paint, papers, plastic, ceramics and building materials (Osmond 
and McCall, 2010). Among metal oxides ZNO-NPs are the third highest globally produced after 
TiO2 and SiO2 (Piccinno et al., 2012). There are three major sources for the entry of nanoparticles 
in the environment comprising anthropogenic sources, unintentional sources, production and usage 
of engineered nanoparticles (Ferré et al., 2009). 
Hao et al. (2013) conducted a comparative study on the bioaccumulation and sub-acute 
toxicity of ZNO-NPs in juvenile carp (Cyprinus carpio) while comparing it with its ZnO bulk salt 
counterpart. The results showed that ZNO-NPs were more toxic than its bulk salt counterparts 
having potential to accumulate in the tissues and induce oxidative cellular responses. Similar study 
conducted by Kaya et al., (2015) showed the bioaccumulation and oxidative stress in different 
organs of Nile tilapia (Oreochromis niloticus) caused by ZNO-NPs. Xiong et al., (2011) illustrated 
the comparative effects of both nano-scale TiO2, ZnO and their bulk counterparts on zebrafish 
showing oxidative damage by ZnO which was more as compared to both counter bulk parts. Fan 
et al., (2013) observed the subcellular distribution of zinc from ZNO-NPs in the liver of goldfish 
(Carassius auratus). 
The ZnO-NPs have the potential to induce histopathological alterations in the organs of 
aquatic organisms. A study conducted by Kaya et al., (2016) observed tissue accumulation, serum 
biochemistry and histopathological changes in tilapia (Oreochromis niloticus) while exposing sub-
chronically to zinc  ZNO-NPs. Suganthi et al., (2015) observed the behavioural and histological 
variations in Oreochromis mossambicu after exposing it to ZnO-NPs. Similarly organ pathologies 
related to small and large size ZNO-NPs have been observed by Kaya et al., (2016).  
Oxidative damage have been observed by Xiong et al., (2011) in zebrafish while exposing 
them with nano-scale titanium dioxide, zinc oxide and their counter bulk parts. Another study by 
Ali et al., (2012) concluded the oxidative stress and genotoxic effect of zinc oxide nanoparticles 
in freshwater snail Lymnaea luteola. Another study conducted by Zhao et al., (2013) resulted in 
oxidative stress and DNA breakage in the larvae of zebrafish while exposed to ZnO-NPs. Zinc 
oxide nanoparticles (ZnO-NPs) had also an effect on oxidative stress-related genes and antioxidant 
enzymes activity in the brain of Oreochromis niloticus and Tilapia zillii (Saddick et al., 2015). 
Hao and Chen (2012) proposed the oxidative stress responses in different organs of 
common carp (Cyprinus carpio) when exposed to ZnO-NPs. Oxidative stress induced by zinc 
metal in comparison to its nanoparticles in Nile tilapia (Oreochromis niloticus) has been observed 
by adel Abdel-Khalek et al., (2015). Similarly Xiong et al., (2011) concluded with the same results 
produced in zebrafish while exposing those to nanoparticles. Hackenberg et al., (2011) concluded 
with the results that ZnO-NPs had potential to induce cytotoxic, genotoxic and pro-inflammatory 
effects in human nasal mucosa cells. 
Samples of Tilapia (Oreochromis mossambicus) were used as a test organism to assess the 
tissue accumulation, sub-lethal toxicity and genotoxicity of ZnO-NPs. For sub-lethal toxicity 
several biomarkers such as biochemical assay through which oxidative and antioxidant enzyme 
estimation and histopathological alterations were determined. For genotoxicity comet assay was 
followed to assess the DNA breakage. The purpose of the present study was to determine the 
toxicological effects of ZnO-NPs. The results from the present study will provide understanding 
of the toxic progressions of metal oxides nanoparticles in aquatic environment. 
2. Material and Methods 
2.1 Zinc oxide nanoparticles preparation and characterization 
 Samples of ZnO-NPs with less than 100 nm in size were purchased from Sigma-Aldrich 
Co. LLC GmbH. Germany in the form of a nano powder. The shape and surface area were  
determined by using ESEM (Model: EFI ESEM XL30 Philips). Microphotographs were taken at 
20000 and 50000 folds with 20 kv power supply. Stock solution of ZnO-NPs was prepared in Milli 
Q water by means of sonication. About 5 g of ZnO-NPs powder after dissolving in water were 
sonicated for 30 minutes at 40 KHz frequency in a sonicator (WUC-A06H). 
2.2 Fish collection, housing and Experimental Design 
 The study was carried out after obtaining ethical permission from ORIC (Office of 
Innovation and Commercialization), University of the Punjab, Pakistan. As described by Shahzad 
et al, (2017), live fish specimens were collected from aquaculture ponds at Pattoki District Kasur, 
Pakistan. A total of 150 fish specimens with an average weight of 22.980 ± 0.368 g and length of 
9.378 ± 0.186 cm were placed in plastic bags filled with oxygenated freshwater and transported to 
the PU research laboratory.  The fish were placed in rectangular water glass tanks fitted with 
aerators and aquarium heaters to maintain dissolved oxygen and water temperature at optimum 
level. The fish were acclimatized for seven days in the glass water tanks before the start of the 
experiment. After acclimatization of seven days in a semi-static system, the fish were evenly group 
housed (12 fish /tank) for 14 days in twelve experimental glass water tanks including three tanks 
as control. Each tank had dimensions of 45.72 x 60.96 x 45.72 cm with 40 litres water in each of 
the three tanks per treatment. About 5 g mini pelleted commercial food containing 35% crude 
protein, 4% crude fats, 5% crude fibre and 12% moisture was given to fish in each tank twice a 
day. Three ZnO-NPs treatments identified as T0 (0 mg/L, as control), T1 (0.5 mg/L), T2 (1.0 mg/L) 
and T3 (1.5 mg /L) were applied to separate tanks with 3 tanks as replicates per treatment. The fish 
were fasted for eight hours before exposing them to ZnO-NPs to reduce the risk of food adherence 
to nanoparticles during the whole experimental trial. The water in each tank was changed each day 
before the above mentioned amounts of ZnO-NPs were added to the water in corresponding tanks. 
About 80% of the water along with the feed and faecal debris were removed from each tank with 
the help of a suction pump. Fresh water was then added to each tank. Fresh ZnO-NPs solutions 
were then sonicated and administrated into each tank.  
2.3. Sampling and processing of fish specimens 
At the end of 14th day, the fish specimens were transferred from each tank into small water 
containers. The fish were then anesthetized by adding 3 to 4 drops of clove oil into water in each 
container (Bressier and Ron, 2004). Blood samples were collected into EDTA containing vials by 
means of BD glass syringes from dorsal aorta to assess genotoxicity via comet assay. Each fish 
was humanely killed by asphyxiation and then dissected to expose visceral organs. The gills, liver 
and muscles were excised with the help of scissors. The excised organs were placed in plastic 
bottles at -20ºC for the subsequent assessment of these tissues for metal bioaccumulation and 
oxidative stress as indicated by enzymatic and non-enzymatic contents in these tissues. For 
histology, the tissues were fixed in Bouin’s fixative in small glass vials.  
2.4 Physicochemical Parameters 
Physicochemical parameters such as temperature and dissolved oxygen (DO) were 
measured with the help of pro 20 DO meter purchased from Xylem Analytics (YSI), pH was 
measured by a pH meter (Hoelzle and Chelius 1687) and conductivity and TDS were measured by 
JENCO conductivity meter. Titration based standard APHA (2005) protocols were followed for 
p-Alkalinity, total alkalinity, Ca-hardness, total hardness and chlorides. Brief descriptions of these 
methods are given as follows as previously described by Shahzad et al., (2017) 
2.4.1 p-Alkalinity  
About 25 ml water sample was taken in a conical flask to which 2 drops of phenolphthalein 
indicator were added. The contents were then stirred and titrated with 0.02N H2SO4 until the pink 
colour disappeared which was the end point for p-alkalinity which was calculated as follows 
p െ Alkalinity,mg	CaCO3/L	 ൌ ܣ	 ൈ ݐ	 ൈ 1000݉ܮ	ݏܽ݉݌݈݁  
A = mL standard acid used 
t = titer of standard acid, mg CaCO3/mL 
 
2.4.2  Total alkalinity: 
 The titrated sample for p-alkalinity was further titrated with 0.02N H2SO4 after adding 2 
drops of mixed bromocresol green-methyl red indicator until brick red colour appeared. 
Total	Alkalinity,mg	CaCO3/L	 ൌ ሺ2ܤ െ ܥሻ 	ൈ ܰ	 ൈ 50000݉ܮ	ݏܽ݉݌݈݁  
  
 B = ml titrant for first recorded pH 
 C = total mL titrant to reach pH 0.3 unit lower 
 N = normality of acid 
 
2.4.3 Ca-hardness 
 About 25 ml water sample was taken in a conical flask to which 1 ml NaOH was added to 
achieve 12-13 pH. The contents were stirred after adding 0.1 g Erichrome Black T indicator 
powder and  titrated with until the wine red coloured end point was achieved. 
ܪܽݎ݀݊݁ݏݏ,݉݃	݁ݍݑ݅ݒ݈ܽ݁݊ݐ	ܥܽܥܱ3/ܮ ൌ 2.497ሾܥܽ,݉݃/ܮሿ ൅ 4.118	ሾܯ݃,݉݃/ܮሿ 
2.4.4 Total hardness 
 About 25 ml water sample from the glass tank was diluted to about 100 ml with distilled 
water to which 1-2 ml buffer (Magnesium salt of EDTA) solution to adjust the pH at 10-10.1 and 
dry powder indicator were added And the contents were titrated with 0.01 M EDTA solution until 
blue colour appeared. 
 
 ܪܽݎ݀݊݁ݏݏ	ሺܧܦܶܣሻ		ܽݏ	݉݃	ܥܽܥܱ3/ܮ ൌ ܣ	 ൈ ܤ	 ൈ 1000/݉ܮ	ݏܽ݉݌݈ 
 
A = mL titration for sample 
B =  mg CaCO3 equivalent to 1 mL EDTA titrant 
 
2.4.5 Chlorides 
 About 25 ml water was taken in a conical flask to which 1 ml K2CrO4 as indicator solution 
was added and the contents were titrated with standard Silver Nitrate solution until brick red colour 
was achieved. 
Chlorides	mg/l ൌ ܣ	 ൈ ܰ	 ൈ 35460݉ܮ	ݏܽ݉݌݈݁  
A = ml titrant AgNO3  
N = Normality of AgNO3  
 
2.5 Sample Preparation for Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
 
One gram of freeze dried samples of gills, liver and muscles were separately taken in  
digestion flasks to each of which about 10 ml concentrated nitric acid (HNO3) and 2ml perchloric 
acid (HClO4) were added. The contents were than heated on a hot plate in a fume hood at 100oC 
until the yellow acid digested colour was disappeared. Two drops of hydrogen peroxide were 
added. Each digested sample was evaporated to 2ml, cooled and diluted with distilled water to 50 
ml and filtered with Whattman filter paper. These samples were analysed by using inductively 
coupled plasma mass spectrometry (ICP-MS) (APHA, 2005) as previously described by Shahzad 
et al., (2017). 
2.6 Biochemical Assay: 
2.6.1 Homogenate Preparation: 
 The samples of gills and liver were excised from each fish, washed with buffer and then 
soaked in 10% homogenate in 0.1 M phosphate buffer (pH 7.4) in a Teflon tissue homogenizer. 
The homogenates were centrifuged at 10,000 rpm for 10 min at 4˚C. After centrifugation, the 
supernatant from each sample was collected and stored in a freezer immediately. 
2.6.2 Estimation of Lipid Peroxidation (LPO): 
 Lipid peroxidation (LPO) was estimated in the freshly prepared homogenate by measuring 
the formation of thiobarbiturinc acid reactive substances (TBARS) and quantified as MDA 
equivalents as described by Buege and Aust (1978). 
2.6.3 Estimation of Catalase (CAT): 
 Catalase (CAT) was analysed by following the protocol of Claiborne (1985). The reaction 
mixture was prepared by adding 100 µL of homogenate mixed with 1.90 mL of potassium 
phosphate buffer (50 mM, pH 7.0) with a final volume of 3.0 mL. The reaction was initiated by 
the addition of 1 mL of hydrogen peroxide (H2O2). The solution was read at 240 nm for 3 min at 
an interval of 30 s. 
2.6.4 Estimation of Superoxide Dismutase (SOD): 
 Superoxide dismutase (SOD) was analysed as described by Marklund and Marklund 
(1974). The method was based on the ability of superoxide dismutase to inhibit the auto-oxidation 
of pyrogallol. The reaction mixture in a final volume of 3.0 ml containing100 μL of sample with 
2.80 mL of tris-succinate buffer (0.05M, pH 8.2) was incubated at 25°C for 20 min. The reaction 
was initiated by the addition of 100 μL of 8 mM pyrogallol, and the change in absorbance was 
measured at 412 nm for 3 min with an interval of 30 seconds. The activity was measured in units 
per milligram of protein. 
2.6.5 Estimation of Glutathione (GSH): 
 Glutathione (GSH) was estimated by following the protocols of Jollow et al. (1974). Each 
homogenate and sulfosalicylic acid were taken in equal volumes, mixed and incubated at 4˚C for 
1 hour followed by centrifugation at 12,000 rpm for 15 minutes at 4˚C. Each  supernatant (0.4 mL) 
was taken and mixed with 2.2 mL of potassium phosphate buffer (0.1 M, pH 7.4). The reaction 
was initiated by the addition of 0.4 ml DTNB (5,5’-dithiobis-2-nitrobenzoic acid) and the contents 
were read at 412 nm within 30 seconds. 
2.7 Histology: 
For histology gills and liver samples were processed as described by Humason (1979). 
2.8 The Comet Assay: 
 
The alkaline comet assay procedure was used as described by Singh et al. (1988). 
Microscopic slides were stained with ethidium bromide. The slides were examined with 
fluorescence microscope at 400 magnifications. Microscopic images of the comets were scored 
using Comet IV Computer Software (Chaubey, 2005). 
2.9 Statistical Analysis: 
 The data from bioaccumulation, biochemical and comet assays were analysed using 
Minitab Version 17. The effects of glass tanks were not observed as those were used as replicates 
during the  treatments which were compared in statistical analysis. Analysis of variance (ANOVA) 
was applied using Tukey’s test at 95% level of significance to compare means at P<0.05. The 
histological parameters were not statistical analysed. Instead those were visually examined to 
observe any potential variations between treatments. 
3. Results: 
3.1 Zinc oxide nanoparticles: 
 Fig.1 (a) and (b) showed the ESEM images of the ZnO-NPs. Nanoparticles were of rod 
shape with the average size of 47 nm. This data supported the specification of ZnO-NPs as declared  
by the Sigma-Aldrich. 
 
(a)      (b) 
 
Fig.1 (a) and (b) showing the ESEM images of ZnO-NPs at 20000 and 50000 magnification. 
 
3.2 Physicochemical parameters 
 Table 1 shows mean values of temperature, pH, dissolved oxygen (DO), conductivity, total 
dissolved solids (TDS), carbon dioxide (CO2), p-alkalinity, total alkalinity, Ca-hardness, total 
hardness of water that was used in this study as previously presented by Shahzad et al. (2017) 
Physicochemical parameters Present study 
Temperature 27.997 ± 0.0606 ˚C 
pH 7.7500 ± 0.0306 
Dissolved Oxygen (DO) 7.00 ± 0.153 mg/L 
Conductivity 395.67 ± 1.86 µS/m 
Total Dissolved solids (TDS) 333.47 ± 1.68 mg/ L 
Carbon Dioxide (CO2) 0.00 ± 0.00 mg/ L 
p-Alkalinity 8.677 ± 0.145 mg/ L 
Total Alkalinity  202.67 ± 1.20 mg/ L 
Ca-Hardness 35.0 ±0.577 mg/ L 
Total Hardness  51.667 ± 0.882 mg/L 
Chloride 25.00 ± 0.577 mg/ L 
 
Table: 1. Mean (± S.D) values of various physicochemical parameters. 
 
3.3 Bioaccumulation of ZnO-NP: 
The variation in accumulation of Zn from ZnO-NP in the gills, liver and muscles of tilapia 
(Orochromis mossambicus) was studied as shown in Table 2. From the studied tissues, the 
maximum zinc (Zn) from ZnO-NPs was observed in the liver of fish as compared to gill and 
muscles (Table 2). The mean Zn in liver was 3.0643 ± 0.00153 mg/Kg at the highest dose (1.5 
mg/L) (p<0.05) as compared to the gills and muscles. Significant difference of Zn accumulation 
was observed among gills, liver and muscles. Mean Zn concentration at high dose of ZnO-NPs 
(1.5 mg/L) in gills was 1.3323 ± 0.00115 mg/Kg as compared to the control where mean Zn was 
1.2797 ± 0.0015 mg/Kg, whereas mean value of Zn in muscles was 2.0187 ± 0.00115 mg/Kg as 
compared to the control mean of 1.3833 ± 0.0028 mg/Kg. There were no significant difference 
observed for Zn accumulation in muscles at different doses of ZnO-NPs T1 (1.0510 ± 0.0020 
mg/Kg) and T2 (1.3217 ± 0.00208 mg/Kg) as compared to the control T0 (1.3833 ± 0.0028 
mg/Kg). The lowest concentration of Zn accumulation was observed in gills forT1 (2.2967 ± 
0.00153 mg/ Kg), T2 (1.0403 ± 0.0015mg/Kg) and T3 (1.3323 ± 0.00115 mg/ Kg) (Table 2). The 
order of Zn from ZnO-NPs accumulation in soft tissues of fish was liver > muscles > gills. 
Tissues Treatments 
 T0 (0 mg/L) T1 (0.5 mg/L) T2 (1.0 mg/L) T3 (1.5 mg/L) 
Gill 1.2797 ± 0.0015h 2.2967 ± 0.00153b 1.0403 ± 0.00153k 1.3323 ± 0.00115f 
Liver 1.1330 ± 0.0020i 2.2430 ± 0.0020c 1.0460 ± 0.0020j 3.0643 ± 0.00153a 
Muscles 1.3833 ± 0.0028e 1.0510 ± 0.0020j 1.3217 ± 0.00208g 2.0187 ± 0.00115d 
 
Table 2: Mean (± S.D) Zn (mg/Kg) accumulation from ZnO-NPs in gills, liver and muscles of 
fish.  
Values showing different abc superscripts in each row were significantly different (p<0.05) 
 
3.4 Oxidative Stress:  
 Table 3 showed results of catalase (CAT), superoxide dismutase (SOD), glutathione (GSH) 
and lipid peroxidase (LPO) activity in the gills and liver of tilapia (Oreochromis mossambicus). 
There was an increase in the amount of CAT, SOD and LPO in the gills as compared to the liver 
where GSH increased with the increasing concentration of ZnO-NPs treatments. In the present 
study, ZnO-NPs generated reactive oxygen species (ROS) and free radicals from ZnO-NPs were 
held responsible for lipid, protein and DNA damage. This rise and fall in these enzymatic and non-
enzymatic biomarkers was due to carbonylation and peroxidation by free radicals and generation 
of ROS production in response to metal toxicity (Tabrez and Ahmad, 2011).  
 The amount of catalase (CAT) increased with the increasing concentration of ZnO-NPs in 
gills as compared to the liver where a decrease in its amount was observed. The mean CAT level 
was 12.6670 ± 0.1530 U/mg in gills and 2.2667 ± 0.1528 U/mg in liver as compared to the mean 
control of 5.5667 ± 0.1528 U/mg in gills and 4.733 ± 0.208 U/mg in liver. Superoxide dismutase 
(SOD) was maximum in liver as compared to the gills. The mean SOD in liver was 15.533 ± 0.153 
U/mg and it was 14.153 ± 0.0603 U/mg in gills as compared to the mean control of 8.1333 ± 
0.1528U/mg in gills and 9.1667 ± 0.1528 U/mg in liver. The mean SOD level was found 
significantly higher in liver than gills. Glutathione (GSH) was more in gills at higher concentration 
where mean GSH level in gills was 5.267 ± 0.208 U/mg and 1.1331 ± 0.1528 U/mg in liver. Lipid 
peroxidation (LPO) amount in gills was more as compared to the liver whereas mean LPO in gills 
was 5.833 ± 0.208 nmol/mg and 2.6767 ± 0.0351 nmol/mg in liver. 
Enzymes Tissues Treatments 
CAT U/mg 
 T0 (0 mg/L) T1 (0.5 mg/L) T2 (1.0 mg/L) T3 (1.5mg/L) 
Gill 5.5667 ± 0.1528d 7.2667 ± 0.1528c 9.200 ± 0.200b 12.033 ± 0.153a 
Liver 4.733 ± 0.208e 3.300 ± 0.200f 2.8667 ± 0.1528f 2.2667 ± 0.1528g 
SOD U/mg 
Gill 8.1333 ± 0.1528h 10.567 ± 0.115f 12.733 ± 0.153d 14.153 ± 0.0603b 
Liver 9.1667 ± 0.1528g 11.533 ± 0.153e 13.167 ± 0.153c 15.533 ± 0.153a 
GSH U/mg 
Gill 4.1333 ± 0.1155c 3.7333 ± 0.1528cd 4.6667 ± 0.1528b 5.267 ± 0.208a 
Liver 3.667 ± 0.1528d 2.2667 ± 0.1528e 1.6333 ± 0.1528f 1.1331 ± 0.1528g 
LPO nmol/mg 
Gill 1.5333 ± 0.1528f 3.167 ± 0.208c 4.0333 ± 0.1528b 5.833 ± 0.208a 
Liver 1.1333 ± 0.1155g 1.700 ± 0.0173f 2.2167 ± 0.0306e 2.6767 ± 0.0351d 
Table 3: Mean (± S.D) values of different enzymes in various fish tissues   
    Values with different abc superscripts were significantly different (p<0.05). 
 
3.5 Histology: 
 Histological alterations were observed in the gills and liver of tilapia (Oreochromis 
mossambicus) as shown in Fig. 2 and Fig. 3.  Fig.2 (a) reference control showing normal 
arrangement of primary and secondary gill lamellae. Fig.2 (b) to (d) reference treated with ZnO-
NPs which varied from the reference control showing alterations in the arrangement and 
distribution of primary and secondary gill lamellae, oedema alongwith hyperplasia and fusion of 
gill lamellae. 
  
 
Fig.2 a-d Histological illustrations of gills of different fish treatments (a) The gill of control fish 
showing normal arrangement of primary and secondary gill lamellae. (c) to (d) The reference 
treated gills were showing oedema and hyperplasia (blue arrows), fusion of gill (red arrows) 
lamellae and thickening of primary and secondary gill lamellae (black arrows). 
 
 
The histology of liver show alterations in the hepatic cells when compared to the control. Fig 3 (a) 
termed as reference control therefore, Fig 3 (b) to (d) determine the liver exposed to ZnO-NPs 
resulted in necrosis, apoptosis with condensed nuclear bodies, pyknotic nuclei and oedema. More 
apoptosis was observed with large amount of nuclei aggregation in cluster form. 
 
 
Fig.3 a-d Section of reference and treated fish liver. (a) The liver of control fish showing normal 
arrangement and distribution of hepatocytes. (c) to (d) Reference treated liver showing necrosis 
(green arrows) and apoptosis (blue arrows) with condensed nuclear bodies (dark red arrows), 
pyknotic nuclei (red arrows), and oedema (black arrows)  
 
3.6 Comet Assay: 
 Alkaline comet assay was performed to measure the potential to induce DNA damage to 
erythrocytes of fish (Oreochromis mossambicus) (Fig.4). DNA damaged was increased with the 
increasing concentration of ZnO-NPs exposure. Maximum % Tail DNA  was observed as 16.488 
± 1.215 at high concentration T3 (1.5 mg/L) of ZnO-NPs as compared to the control T0 (0.0 mg/L) 
2.351 ± 0.621. Significant difference was observed in % tail DNA at all concentration, therefore, 
mean % tail DNA at T1 (0.5 mg/L) and T2 (1.0 mg/L) were 4.225 ± 0.554 and 10.125 ± 0.746 
respectively (Fig.3 a). Similarly maximum olive tail movement was observed at higher 
concentration of ZnO-NPs 9.197 ± 0.419 as compared to the control 0.3982 ± 0.1891. Significant 
difference was found among all the treatments where the olive tail movement was 1.754 ± 0.556, 
5.744 ± 0.443 at T1 (0.5 mg/L) and T2 (1.0 mg/L) respectively. 
                              
(a)    (b)   (c)   (d) 
 
 
(e) 
 (f) 
Fig.4 Genotoxicity of ZnO-NPs in erythrocytes. Comet assay: (a) Reference Control olive (b) to 
(d) Reference treated comet. Percentage of tail DNA (e) and olive tail movement (f). Data are 
expressed as mean ± S.D (p<0.05) 
 
4. Discussion: 
 As previously reported by Shahzad et al. (2017), maximum zinc accumulation was 
observed in the liver than the gills and muscles of tilapia (Oreochromis mossambicus). Hao et al. 
(2013) observed more Zn from ZnO-NPs accumulation in the liver of juvenile carp (Cyprinus 
carpio) as compared to the gills and gut in comparison to its bulk counterparts. Kaya et al. (2015) 
illustrated that the accumulation of ZnO-NPs was more in intestine and liver as compared to the 
gills, kidney and muscles of tilapia (Oreochromis niloticus). In one of the previous study, 
freshwater mussel samples were exposed for various doses of heavy metals and more accumulation 
was observed in soft tissues at highest dose concentration (Sohail et al., 2016). Similarly, Kaya et 
al. (2016) observed more Zn accumulation in intestine and liver as compared to kidney and gills 
when tilapia (Oreochromis niloticus) were exposed to  sub-chronic doses of zinc nanoparticles . 
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Ates et al. (2015) compared CuO and ZnO accumulation in goldfish (Carassius auratus) where 
more Zn was found in liver as compared to Cu from both nanoparticles as compared to the gills, 
heart brain and muscles. Similar observations have been found in the present study where more 
Zn was accumulated in the liver than gills and muscles. The results from Fan et al. (2013) made a 
counter observation where more Zn was accumulated in the gills and gut rather than liver and 
muscles which differed from the present study. 
 The production of ROS in cells is generally in a dynamic balance. The generation of active 
oxygen free radicals can occur when pollutants entered the body through a series of metabolic 
reactions. This dynamic balance will be wrecked if they are not cleaned properly and cause 
oxidative damage in organisms (Nel et al., 2006). Anti-oxidant defence mechanism is an example 
of good biochemical marker in monitoring environmental disturbance (Ballesteros et al., 2009). It 
includes a number of antioxidant enzymes and non-enzymatic oxidants with low molecular weight 
which provide defence against oxidative stress at cell level (Pandey et al., 2003). The molecular 
biomarkers are important in assessing the sub-lethal to sub-acute toxicities of nanoparticles to fish 
and their mechanism to induce toxicity. The present study indicates the activities of anti-oxidant 
enzymes such as CAT, SOD, LPO and non-enzymatic antioxidant such as GSH in response to 14 
days of exposure to ZnO-NPs at 0.5 mg/L, 1.0 mg/L and 1.5 mg/L separately. Antioxidant and 
oxidative disturbances have been observed during this study in gills and liver of fish. 
 Superoxide dismutase (SOD) an antioxidant enzyme which have the capability to convert 
superoxide radical (O2•-) to hydrogen peroxide (H2O2) (Ruas et al., 2008). Catalase (CAT) is 
located in peroxisomes where it metabolizes H2O2, water and oxygen. In general, the activity of 
CAT is associated with SOD. These enzymes work together and take obligatory steps against 
oxidative stress (Cao et al., 2012; Asagba et al., 2008). The study carried out by Hao and Chen 
(2012) observed the SOD and CAT activities in gills, liver and brain of carp (Cyprinus carpio) 
where they found decreasing activity of both in liver and increasing activity with increasing 
concentration of ZnO-NPs in gills. Similarly Xiong et al. (2011) observed decreasing activity of 
SOD and CAT in the liver of zebrafish while comparing the acute toxic effects of both TiO2, ZnO 
and their bulk counterparts. In the present study decreasing SOD and CAT activity attributed 
towards liver and increasing activity in gills but SOD activity was  observed more in liver as 
compared to the gills. 
 Glutathione (GSH) and enzymes related to it play a pivotal role in defence mechanisms 
related to oxidative stress and scavenge peroxide and free radicals (Liu et al., 2008). Being low 
molecular weight non-enzymatic antioxidant eliminates oxy-radicals through –SH group (Kaya 
and Akbulut, 2015). GSH level can increase with the mild oxidative stress and with severe 
oxidative stress its level decreases as a result of ROS inhibition (Kaya et al., 2013). Studies 
conducted by Li et al. (2009) and Xiong et al. (2011) observed the decreasing trend of GSH in the 
soft tissues of medaka (Oryzias latipes) with nano-iron and zebrafish (Danio rerio) with ZnO-NPs. 
These results also supports the present study where decreasing GSH level was observed in liver as 
compared to the gills with increasing concentration of ZnO-NPs resulted in increasing ROS 
production. 
 Lipid peroxidase (LPO) can be defined as the oxidative cell membrane lipid damage and 
one of the most widely useable biomarker for oxidative stress in vivo (Sayeed et al., 2003). It is 
estimated by measuring Malondialdehyde (MDA) content and cell membrane LPO as the main 
product. Its low and high concentration determines LPO level. Abnormal or over increase of LPO 
results in the formation of toxic free radicals which cause cell damage and apoptosis (Droval et 
al., 2003; Kong et al., 2007). Hao and Chen (2012) illustrated different LPO levels in organs of 
carp (Cyprinus carpio) with the increasing concentration of ZnO-NPs which exhibited positive 
correlation between LPO and ZnO-NPs. WenJing et al. (2010) and Xiong et al. (2011) also 
suggested the same trend of LPO increase in zebrafish embryos and in adult zebrafish. These 
results support the present study where similar trend has been found in the organs of tilapia 
(Oreochromis mossambicus) where with increasing ZnO-NPs concentration more LPO was 
observed in gills as compared to the liver after 14 days of exposure. 
 Histology is one the most frequent useable biomarker for the aquatic organisms that are 
exposed to pollutants to assess the toxicity associated with the target organs such as gills, liver, 
kidney and digestive tract (Bernet et al., 1999; Mallat, 1985; Bucher and Hofer, 1993). The gills 
of fish are responsible for respiration, osmoregulation and have a close relationship between 
morphology and stress (Korai et al., 2010; Saber, 2011). Any alterations or damage in the gill 
morphology leads to the destabilization of the proper respiratory and osomoregulatory functions. 
In the present study, fish were exposed to ZnO-NPs for 14 days and resulted in, oedema, thickening 
of primary and secondary gill lamellae and fusion of gill lamellae. The study conducted by 
Subashkumar and Selvanayagam (2014) to assess the acute toxicity and gill histopathology of 
Cyprinus carpio while exposing them to ZnO-NPs for 10 days illustrated the alterations in 
secondary lamellae, lamellar fusion and loss of secondary lamellae. Similarly, Kaya et al. (2016) 
and Suganthi et al. (2015) observed structural aberrations in gills of tilapia (Oreochromis niloticus) 
after 14 days of their exposure to ZnO-NPs. All these results are evident in the present study while 
exposing tilapia (Oreochromis mossambicus) to ZnO-NPs. 
 Liver is the main metabolic centre which can detoxify xenobiotics and highly toxic 
secondary metabolites, therefore, liver undergoes high exposure and accumulation to these toxic 
chemicals (Dowling et al., 2004). In the present study, necrosis and apoptosis with condensed 
nuclear bodies, pyknotic nuclei, sinusoid spaces in relation to parenchyma and oedema have been 
observed. The evidence from the study of Subashkumar and Selvanayagam (2014) while studying 
the histopathological changes in the liver of Cyprinus carpio supports the results of the present 
study. Another study conducted by Kaya et al. (2016) documented the same results of 14 days of 
exposure of tilapia (Oreochromis niloticus) to small and large size zinc oxide nanoparticles. Kaya 
et al. (2016) also made the same observations in the 14 days of sub-chronic exposure of ZnO-NPs 
to Nile tilapia. These studies support the present study in which the same observations have been 
made. 
 Genotoxicity is one of the most considered important toxic final stage in testing toxicity 
and risk assessment, therefore, little study is available about the genotoxicity of ZnO-NPs towards 
aquatic organisms. The results from the present study suggest that ZnO-NPs have the potential to 
induce DNA damage in O. mossambicus. It may be the result of ROS generation which reacted 
with DNA purines and pyrimidines bases and damaged them. Ali et al., (2012) observed the same 
results in freshwater snail (Lymnaea luteola) where ZnO-NPs damaged the DNA. Sohail et al. 
(2017) exposed the freshwater mussels to various heavy metals in laboratory condition and results 
concluded that the gills were the most vulnerable organs with reference to DNA damaging   Zhao 
et al. (2013) reported ZnO-NPs induced DNA damage in zebrafish embryo by using single cell gel 
electrophoresis. Another study documented the DNA damage in human nasal mucosa cells in vitro 
by assessing the effects of zinc oxide nanoparticles (Hackenberg et al., 2011). These studies 
support the present work that ZnO-NPs can induce DNA breakage or damage to fish. 
5. Conclusion: 
 The present study determined the toxic effects of manufactured zinc oxide (ZnO) 
nanoparticles on tilapia (Oreochromis mossambicus), but they are not lethal with exposure to 0.5-
1.5 mg/L. Therefore, a number of changes have been observed during this study. The highest Zn 
accumulation has been observed at high dose of 1.5 mg/L in liver. The oxidative stress induced 
found to be more in LPO, CAT, GSH and SOD activity with the increasing dose concentration.  
ZnO-NPs generate a lot of damage to the gills and liver of Oreochromis mossambicus. 
Genotoxicity is also observed in DNA damage to erythrocytes where % tail DNA and olive tail 
movement were observed more at high dose. This study suggests that Zn-NPs are lethal to aquatic 
organisms and thus have the potential to alter their structural and physiological characteristics. 
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